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PRELIMINARY PROCEDURES FOR CONTINGENCIES OCCURRING 

DURING THE HIGH ELLIPSE PHASE OF MISSION E 

by Bobbie D. Weber 

SUMMARY 

This paper presents  t h e  procedures t o  be  followed i f  a contingency 
occurs during t h e  high e l l i p s e  phase of Mission E (CSM-lOb/LM-h) which 
inc ludes  t h e  t r a n s l u n a r  i n j e c t i o n  ( T L I )  maneuver through t h e  simulation 
of t h e  lunar o r b i t  i n s e r t i o n  (LOI)  maneuver. 

Su f f i c i en t  t r a j e c t o r y  d a t a  are provided t o  s u b s t a n t i a t e  t h e  proce- 
dures;  however, t h e  primary purpose of t h e  paper i s  not t o  provide a 
t r a j e c t o r y  ana lys i s  (which w i l l  be provided i n  t h e  ope ra t iona l  abort  
document) but t o  provide discussion of t h e  abort  philosophy f o r  M i s -  
s i o n  E which has evolved from a s e r i e s  of meetings between FCD, FCSD, 
t h e  f l i g h t  crew, MPAD, and TRW. 

INTRODUCTION 

Approximately 3 hours 16.5  minutes a f t e r  l i f t - o f f  t h e  S-IVB boos ter  
w i l l  be r e i g n i t e d  t o  p lace  t h e  S-IVB/CSM/LM on an e l l i p s e  having a 
3956-n.mi. apogee (h  ) 'and a 107-n.mi. per igee  (h ) .  Subsequently t h e  

a P 
CSM w i l l  perform t r anspos i t i on  and docking (T&D) maneuvers and ex t r ac t  
t h e  LM j u s t  after passing t h e  f i r s t  apogee. A t  apogee of t h e  second 
high e l l i p s e ,  t h e  SPS i s  i g n i t e d t o  r a i s e  per igee  t o  130 n.mi. 
CSM/LM remains i n  t h e  3956- by 130-n.mi. o r b i t  u n t i l  approximately 
1 4  hours 32.5 minutes g . e . t . ,  at  which time t h e  SPS w i l l  be  f i r e d  t o  
simulate t h e  lunar  o r b i t  i n s e r t i o n  (LOI) burn and p lace  t h e  CSM/LM i n  
a 400- by 130-n. m i .  o r b i t .  

The 

Reference 1 gives a d e t a i l e d  desc r ip t ion  of t h e  a c t i v i t i e s  through- 
out t h e  high e l l i p s e  por t ion  and o ther  phases of Mission E. 

A s  i nd ica t ed  i n  reference 1 the s i z i n g  of t h e  high e l l i p s e  w a s  
determined by navigation s i g h t i n g  requirements and SPS AV l i m i t a t i o n s .  
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The s h o r t  SPS maneuver at second apogee, termed t h e  midcourse co r rec t ion  
(MCC), w a s  s ized  pr imar i ly  t o  meet t r ack ing  requirements f o r  t h e  sub- 
sequent LO1 simulation burn. Figure 1, which has been ex t r ac t ed  from 
reference  1, shows t h e  ground t r a c k s  and ind ica t e s  t h e  sequence of 
events  during t h e  nominal high e l l i p s e  phase of Mission E. Note t h a t  
per igee  occurs at approximately 25' N l a t i t u d e  on t h e  descending l e g  
of  each ground t r a c k .  

I n  developing p r a c t i c a l  so lu t ions  t o  t h e  abor t  problem f o r  t h e  
high e l l i p s e  phase,  it m u s t  be kept  i n  mind t h a t  t h i s  po r t ion  of M i s -  
s i on  E i s  unique t o  t h e  Apollo Program; t h a t  i s ,  no o ther  nominal m i s -  
s i on ,  as present ly  planned , w i l l  inJ  e c t  t h e  spacecraf t  i n  a high-apogee 9 

non-free-return e l l i p s e .  It i s  des i r ab le  t o  develop contingency pro- 
cedures which a r e  as cons is ten t  as poss ib l e  from mission t o  mission and 
procedures which are similar t o  those  f o r  t h e  nominal mission. 
t h e  course taken i n  developing contingency procedures i s  t o  develop 
procedures f o r  t h e  nominal mission t r a j e c t o r y ,  t e s t  t h e  procedures on 
dispersed t r a j e c t o r i e s ,  and then  compromise t h e  procedures as necessary 
t o  ga in  t h e  des i red  freedom i n  t h e  degree of t r a j e c t o r y  d ispers ions .  
Only during t h e  TLI phase of Mission E do t h e  prescr ibed  contingency 
procedures bear  any s i m i l a r i t y  t o  procedures being developed f o r  sub- 
sequent Apollo missions.  Thus, it w a s  agreed t h a t  t h e  primary method 
f o r  re turning t h e  crew t o  e a r t h  i n  t h e  event a contingency occurs during 
t h e  high e l l i p s e  should bear  some s i m i l a r i t y  t o  c i r c u l a r i z a t i o n  and 
deorb i t  procedures developed f o r  t h e  nominal mission. 

Normally 

Two considerat ions have been presented which l e a d  t o  t h e  develop- 
ment of  p r a c t i c a l  contingency procedures;  contingency procedures should 
be developed t o  be cons is ten t  from mission t o  mission and i f  t h i s  i s  not 
poss ib l e ,  the procedures should bea r  some s i m i l a r i t y  t o  those  f o r  nominal 
events.  Other considerat ions t h a t  should be noted are: 

1. The procedure should be  as simple as poss ib le .  

2. The procedure should allow f o r  a high degree of e r r o r  t o l e r a -  
t i o n .  

3. Even though t h e  contingency procedure can be considered a 
backup t o  the nominal courses of  a c t i o n ,  t h e r e  should,  i f  poss ib l e ,  a l s o  
be a backup t o  t h e  contingency procedure. 
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CONTINGENCY PROCEDURES 

Procedures f o r  t h e  Translunar In j ec t ion  Maneuver 

A s  previously mentioned, the contingency procedures f o r  t h e  TLI  
phase of Mission E a r e  very similar t o  t h e  procedures being developed 
f o r  subsequent Apollo missions. Reference 2 presents  t h e  prel iminary 
contingency procedures developed f o r  Mission F and subsequent missions.  
This sec t ion  presents  a cursory descr ip t ion  of t h e  procedures given i n  
re ference  2 and poin ts  out  areas unique t o  Mission E. 

The t r a j e c t o r y  l i m i t s  during t h e  t r ans luna r  i n j e c t i o n  a r e  governed 
not by crew safe ty- re la ted  t r a j ec to ry  l i m i t s  bu t  r a t h e r  by vehic le  
t o t a l  a t t i t u d e  deviat ion and a t t i t u d e  r a t e  l i m i t s  which, i f  achieved, 
would requi re  boos te r  shutdown a d  a subsequent a l t e r n a t e  mission t o  be 
performed. 
during the  T L I  and poin ts  out other crew monitoring considerat ions f o r  
TLI .  Reference 4 shows t h e  degree of t r a j e c t o r y  deviat ions tha t  can be 
expected f o r  v i o l a t i n g  t h e  t o t a l  a t t i t u d e  deviat ion l i m i t s  s e t  f o r t h  i n  
reference 3. 
shutdowns based on t h e  t o t a l  a t t i t u d e  devia t ion  l i m i t s  would never 
r e s u l t  i n  an e a r t h  i n t e r s e c t i n g  e l l i p s e .  
such as excessive en t ry  loads or i n s u f f i c i e n t  time t o  en t ry  w i l l  not be 
encountered p r i o r  t o  achieving the  a t t i t u d e  deviat ion l i m i t s .  

Reference 3 es tab l i shes  t h e  preliminary l i m i t s  t o  be observed 

Reference 4 also indica tes  t h a t  v io l a t ions  and boos ter  

Therefore,  t r a j e c t o r y  l i m i t s  

Should a contingency occur during TLI  requi r ing  t h e  S-IVB t o  be 
shutdown and t h e  immediate re turn  of t h e  crew t o  e a r t h ,  t h e  abort  mweiw 
vers  f o r  t h e  l as t  140 seconds of T L I  w i l l  be performed a t  a f ixed  t i m e  
from S-IVB cutoff  and a t  a f ixed  a t t i t u d e  with respect  t o  the  l i n e  of 
s i g h t  (LOS) t o  t h e  far  horizon (west of t h e  s u b s a t e l l i t e  p o i n t ) .  The 
abort  maneuver w i l l  be t a rge ted  t o  t h e  e n t r y  t a r g e t  l i n e  tha t  i s  s t o r e d  
i n  t h e  command module computer (CMC) return-to-earth abort  program 
(RTEAP). This en t ry  t a r g e t  l i n e  w i l l  be near t h e  center  of t h e  
opera t iona l  en t ry  cor r idor .  

For abor t s  occurring during the  f i r s t  10  seconds of S-IVB burn t i m e  
( t  ) ,  t h e  procedure w i l l  d i f f e r .  

var ious burn t imes during TLI d i f f e r  t o  allow landing t o  occur i n  w a t e r .  
Reference 5 inves t iga ted  seve ra l  d i f f e ren t  delay t imes from S-IVB cutof f  
and seve ra l  d i f f e ren t  a t t i t u d e s  t o  determine a combination of delay 
t i m e s  and a t t i t u d e s  t h a t  would provide t h e  majori ty  of  t h e  landing t o  
occur i n  water. After  evaluat ing t h e  landing po in t s ,  it w a s  found t h a t  
by providing one a t t i t u d e  and t w o  delay t imes (appl icable  t o  d i f f e r e n t  
por t ions  of T L I ) ,  land landings could be el iminated except f o r  t he  f i r s t  
10 seconds of S-IVB burn. 

The procedures t o  be followed f o r  t h e  
b 
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The following sec t ions  present  summaries o f  t h e  procedures f o r  
contingencies occurr ing at var ious times during T L I ,  requi r ing  t h e  i m -  
mediate shutdown of t h e  S-IVB and t h e  immediate r e t u r n  of  t h e  crew t o  
ea r th .  

S-IVB burntime (t,) < 10  seconds.- The CSM w i l l  separa te  from t h e  

S-IVB (procedures t o  be de f ined ) ,  t h e  spacecraf t  w i l l  be t r acked  by t h e  
MSFN, a &orbi t  maneuver w i l l  be computed i n  t h e  RTCC us ing  t h e  RTCC 
deorb i t  program, t h e  deorb i t  maneuver w i l l  be performed i n  a heads- 
a t t i t u d e  using a window marking loca ted  31.7' from t h e  X-body a x i s  
backup a t t i t u d e  reference,  and t h e  subsequent e n t r y  w i l l  b e  performed 
using t h e  EMS and t h e  g meter i n  t h e  constant  g mode. To support  t h i s  
po r t ion  of the  TLI burn p r e f l i g h t ,  t h e  crew w i l l  be  given one t i m e  t o  
delay t o  SPS i g n i t i o n  and one abor t  AV f o r  t h e  abor t  maneuver computed 
a t  t h e  normal heads-up deorb i t  a t t i t u d e .  This so lu t ion  w i l l  be  used i n  
t h e  event communications with t h e  ground are l o s t  and w i l l  r e s u l t  i n  
landings near H a w a i i  ( f o r  t h e  f i r s t  T L I  oppor tuni ty) .  

Table I shows t h e  poss ib le  spread i n  landing po in t s  t h a t  could 
occur i f  t h e  p r e f l i g h t  da t a  were used i n  l i e u  of  RTCC deorb i t  computa- 
t i o n s .  

10 seconds < S-IVB tB < 60 seconds.- The procedure t o  follow during 

t h i s  per iod  has been designated abor t  mode V. 
t h e  CSM w i l l  separate from t h e  S-IVB and then  w i l l  o r i e n t  t o  an a t t i t u d e  
so  t h a t  t h e  t h r u s t  vec tor  i s  al igned near  t h e  l i n e  of s i g h t  t o  t h e  
horizon (see ref .  6 ) ;  t h e  SPS w i l l  be i g n i t e d  at 30 minutes after S-IVB 
c u t o f f ;  t h e  abort  maneuver w i l l  be performed i n  t h e  "SCS auto" mode; 
and t h e  subsequent en t ry  w i l l  be  flown i n  t h e  backup mode (constant  g 
e n t r y ) .  

Following S-IVB c u t o f f ,  

Reference 6 descr ibes  i n  d e t a i l  how t h e  t h r u s t  vec to r  i s  t o  be 
a l igned  f o r  t he  modes V and V I  abor t  maneuvers ( t o  be d iscussed) .  
Br i e f ly ,  t he  crew o p t i c a l  alignment s i g h t  (COAS) r e t i c l e  p a t t e r n  w i l l  be  
used t o  a l ign t h e  t h r u s t  vec tor  by a l ign ing  t h e  - 3 O  r e t i c l e  marking on 
t h e  apparent in-plane horizon. This procedure presupposes t h e  COAS i s  
mounted p r io r  t o  T L I  and t h a t  t h e  r e t i c l e  p a t t e r n  i s  bores ighted  along 
t h e  X-body axis. 
providing the crew a cha r t  of  abor t  AV t o  apply a t  S-IVB cu to f f  p lus  
30 minutes as a funct ion of i n e r t i a l  ve loc i ty  a t  S-IVB cu to f f .  
same char t  w i l l  a l s o  show t h e  abort  AV t o  apply f o r  abor t  mode V I .  
crew w i l l  determine t h e  abor t  AV by s e l e c t i p g  t h e  V ( i n e r t i a l  v e l o c i t y ) ,  
h ( a l t i t u d e ) ,  h ( a l t i t u d e  rate) i n  t h e  t h r e e  d i sp lay  and keyboard (DSKY) 
r e g i s t e r s  p r i o r  t o  S-IVB cutof f .  
guidance navigation and con t ro l  system (PGNCS) burn and i s  monitored by 
t h e  CMC program P-47, designed f o r  monitoring acce le ra t ion  of a 
non-PGNCS burn. 

Aborts during t h i s  t i m e  per iod  w i l l  be supported by 

The 
The 

The TLI maneuver i s  a non-primary 
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p-47 allows t h e  crew t o  c a l l  the  V-h-h d isp lay  at t h e i r  d i sc re t ion .  
crew w i l l  record t h e  V-h-h display corresponding t o  t h e  time of S-IVB 
cu to f f ,  and using t h i s  information i n  conjunction with t h e  cha r t ,  they  
can determine t h e  appropriate  abort AV. 

The 

follow during t h i s  time per iod has been designated abort  mode V I ,  which 
i s  similar t o  mode V; t h e  only difference i s  t h a t  SPS i g n i t i o n  w i l l  
occur 10 minutes following S-IVB cutof f .  

Figure 2 shows the  expected magnitude of t h e  modes V and V I  abort  
Figures 3 and 4 ind ica te  t h e  landing s i t e s  assoc ia ted  with maneuvers. 

performing abor t s  i n  t h e  modes V and V I  reg ions ,  respec t ive ly .  

Procedures f o r  t he  High E l l i p s e  Phase 

Five poss ib le  methods f o r  re turning t h e  crew t o  e a r t h  from t h e  
high e l l i p s e  were considered. The methods considered and t h e  reasons 
f o r  considerat ion are given below. 

A. The f irst  method involves c i r c u l a r i z i n g  t h e  CSM/LM at per igee 
of t h e  high e l l i p s e  using t h e  service propulsion subsystem (SPS), CSM/ 
LM separa t ion ,  and deorb i t ing  with t h e  SPS from t h e  near-earth e l l i p s e .  
This method has been given prime considerat ion because the  procedures 
involved p a r a l l e l  t h e  procedures required i n  t h e  nominal mission f o r  
t h e  SPS t o  perform the  LO1 simulation and subsequently used t o  deorb i t  
from a near-earth parking o r b i t .  This procedure involves minimum 
t r a i n i n g  f o r  both t h e  crew a id  ground c o n t r o l l e r s  as they would have 
received t h e  necessary t r a i n i n g  while preparing f o r  t h e  nominal mission. 

B. This method requi res  d i r ec t  deorb i t  using t h e  SPS. This method 
would apply t o  contingency s i tua t ions  requi r ing  t h e  r e tu rn  of t h e  crew 
t o  e a r t h  as r ap id ly  as poss ib le  while observing mission cons t r a in t s ,  
such as insur ing  t h a t  t h e  CM enters  within t h e  en t ry  cor r idor  cons t r a in t s ,  
t h a t  s u f f i c i e n t  time i s  ava i lab le  following t h e  abort  maneuver t o  prepare 
t h e  CM f o r  e n t r y ,  and t h a t  landing occurs i n  water. 

C .  This method would require  a SM reac t ion  con t ro l  subsystem (RCS) 
maneuver t o  be performed at apogee of t he  high e l l i p s e  t o  lower per igee 
t o  be wi th in  t h e  en t ry  cor r idor .  This method would be required only i n  
t h e  event of an SPS f a i l u r e .  

D. This method would require ,  a s h o r t  durat ion LM descent propul- 
s i o n  subsystem (DPS) maneuver be performed t o  lower per igee a l t i t u d e  
t o  not l e s s  than 75 n. m i .  s o  tha t  a subsequent RCS maneuver a t  apogee 

+-,,... ~ , L l r  
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could e f f e c t  deorb i t .  This method w a s  considered t o  serve i n  event t h e  
SPS f a i l e d  and t h e  per igee a l t i t u d e  had been per turbed so  t h a t  t h e  
SM RCS alone could not e f f e c t  deorb i t .  

E. The f i n a l  method considered involves  performing a SM RCS burn 
at  apogee, separat ing from t h e  SM, and subsequently performing CM RCS 
maneuvers t o  lower per igee  t o  be wi th in  t h e  en t ry  cor r idor .  
w a s  considered t o  serve i n  t h e  event T&D w a s  not  performed o r  t h e  LM 
had been j e t t i soned  and t h e  SPS f a i l e d .  This method a l s o  assumes t h a t  
per igee a l t i t u d e  had been per turbed  so t h a t  SM RCS alone can not  e f f e c t  
deorb i t  . 

This method 

Both methods D and E would be  used only i n  t h e  event per igee  a l t i -  
tude i s  ger turbed  so t h a t  t h e  SM RCS alone can not e f f e c t  deorb i t .  I f  
it i s  assumed that  t h e  S-IVB achieves t h e  nominal e a r t h  parking o r b i t ,  
t h e r e  are t w o  poss ib l e  ins tances  when per igee  a l t i t u d e  could be 
s u f f i c i e n t l y  per turbed t o  render  t h e  SM RCS incapable of e f f e c t i n g  
deorb i t  . 

6 The f i r s t  ins tance  would be during t h e  S-IVB TLI  burn.  If t h e  T L I  
,L 5f burn i s  performed wi th in  t h e  l i m i t s  p rescr ibed  i n  re ference  3 or i f  t h e  

1 S-IVB i s  manually shut  down following an overburn ( 5  t o  10 seconds) ,  
1'4 " t h e  r e su l t an t  per igee a l t i t u d e  w i l l  always be wi th in  t h e  SM RCS deorb i t  
, , capab i l i t y .  The next ins tance  would be during the  MCC at t h e  second 

apogee of the high e l l i p s e .  To raise per igee  t o  an a l t i t u d e  such t h a t  
*' - t h e  SM RCS could not  e f f e c t  a successfu l  deorb i t  (could not achieve 

t h e  en t ry  co r r ido r ) ,  t h e  SPS would need t o  p e r b u r n - b y  approximately 
1 . 5  seconds. The 1.5-second overburn requi red  appears t o  be a very 
s m a l l  e r r o r  but  t h e  e f f e c t  of t h e  e r r o r  (raises per igee  approximately 
7 n. m i . )  i s  i n t o l e r a b l e  and should never occur. 

i: 1" 

, 

.- 
Considering t h e  n e g l i g i b l e  e f f e c t  of T L I  d i spers ions  on per igee  

a l t i t u d e  and t h e  f a c t  t h a t  t h e  MCC w i l l  be  t h e  f irst  opportuni ty  t o  
determine the  s t a t u s  of  t h e  SPS, it i s  un l ike ly  t h a t  e i t h e r  method D o r  
E w i l l  ever need t o  be employed t o  e f f e c t  deorb i t  from t h e  high e l l i p s e .  
For t h e s e  reasons a minimum of  e f fo r t  w i l l  be expended i n  developing 
t h e  crew ground t a sks  involved i n  deorb i t ing  us ing  methods D o r  E. The 
development of procedures f o r  method D i s  a strenuous f l i g h t  planning 
t a s k  which has  been performed a t  least  p re l imina r i ly  by FCSD. Also ,  it 
has been decided t o  use t h e  procedures developed f o r  &!?issions C and D 
f o r  method E with only absolu te ly  necessary changes. P r e f l i g h t  t r a j e c -  
t o r y  analysis  and t r a j e c t o r y  d a t a  prepared f o r  t h e  crew t o  ca r ry  onboard 
w i l l  not include da ta  based on e i t h e r  method D o r  E. 

For the sake of s impl i c i ty  i n  r e c a l l i n g  t h e  appropr ia te  procedures 
f o r  t h e  given methods of  deo rb i t ,  t o  provide an abbreviated index t o  be 
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included i n  t h e  crew's f l i g h t  plans,  and t o  provide a c u r t  desc r ip t ion  
of t h e  deo rb i t  method, t h e  methods have been designated type  A through 
type E aborts .  

It i s  p resen t ly  planned t o  provide t h e  crew p r e f l i g h t  wi th  abor t  
so lu t ions  f o r  types A ,  B ,  and C aborts f o r  both t h e  f i r s t  and second 
TLI i n j e c t i o n  oppor tuni t ies .  One of t h e  crew w i l l  catalogue t h e  abort  
so lu t ions  i n  back of h i s  f l i g h t  plan with space provided f o r  ground 
updates i n  r e a l  t i m e .  The solut ions w i l l  be catalogued by p lac ing  a l l  
so lu t ions  f o r  t h e  f irst  i n j e c t i o n  opportunity toge ther  and a l l  so lu t ions  
f o r  t h e  second i n j e c t i o n  opportunity toge ther .  A l l  so lu t ions  f o r  each 
type  abort  w i l l  be p laced  toge ther  and w i l l  then  be arranged i n  alpha- 
b e t i c a l  order. 
give abor t  t ype / in j ec t ion  opportunity/solution number. This code w i l l  
then  be en tered  i n  t h e  f l i g h t  plan containing t h e  catalogued abort  
data by p lac ing  t h e  code p a r a l l e l  t o  t h e  mission time corresponding t o  
t h e  i g n i t i o n  time f o r  t h e  abor t  maneuver. The crew can then  determine 
t h e  appropr ia te  abort  s o l u t i o n  by eva lua t ing  present  t ime,  time requi red  
t o  prepare f o r  t h e  abor t  maneuver, and t h e  r e t u r n  time required.  

Each s o l u t i o n  w i l l  be preceded by a code which w i l l  

Type A abor t s . -  Once t h e  decision t o  abor t  from t h e  high e l l i p s e  
phase has been made, t h e  type  A abort procedures would r equ i r e  t h a t  
p repara t ions  be made t o  perform the LO1 maneuver e a r l y  (during t h e  next 
per igee  p a s s )  t o  p lace  t h e  spacecraf t  i n  a near -c i rcu lar  e a r t h  o r b i t .  
A coplanar horizon-reference deorbit would subsequently be performed 
wi th  t h e  SPS t o  achieve a water  landing near  a prime recovery area. 

The nominal Lambert t a r g e t  vector s e l e c t e d  f o r  t h e  nominal LO1 
maneuver and t h e  assoc ia ted  time from i g n i t i o n  t o  t a r g e t  do not r equ i r e  
updating f o r  t h e  e a r l y  LO1 maneuver. 

The primary purpose i n  achieving an in te rmedia te  near-ear th  parking 
o r b i t  before deorb i t ing  during the  high e l l i p s e  phase is  t o  provide 
more landing s i t e  c o n t r o l  o r  f o r  the case of a coplanar d e o r b i t ,  t o  
provide freedom i n  s e l e c t i n g  t h e  landing longitude. 

When single-impulse deo rb i t s  a r e  i n i t i a t e d  from t h e  high e l l i p s e ,  
t h e  abor t s  a r e  t a r g e t e d  t o  an en t ry  t a r g e t  l i n e  which i s  a func t ion  of 
' the i n e r t i a l  ve loc i ty  ( V i )  and i n e r t i a l  f l i gh t -pa th  angle ( y  ) a t  i 
400 000 ft .  When a min imum en t ry  time c o n s t r a i n t  (providing s u f f i c i e n t  
t i m e  t o  prepare CM f o r  e n t r y )  of approximately 20 minutes from abort  t o  
drogue chute deployment i s  p laced  on t h e  pos tabor t  t r a j e c t o r y ,  t h e  
major i ty  of acceptable abort  so lu t ions  (ref.  7 )  r e s u l t  i n  landings which 
c l u s t e r  about a geographical midpoint (nea r  t h e  preabort  perigee loca- 
t i o n )  by about f 3 O  i n  both longitude and l a t i t u d e .  
given revolu t ion  during t h e  high e l l i p s e  phase, although t h e  SPS i s  

Therefore, f o r  a 
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capable of deorbi t ing from any poin t  i n  t h e  high e l l i p s e ,  t h e  r e s u l t i n g  
landing posi t ions w i l l  be near ly  t h e  same. 

P re f l igh t  so lu t ions  f o r  t h e  type A abor t s  will be  provided t h e  
crew and f l i g h t  con t ro l l e r s  based on preabort  and postabort  t r ack ing  
and an optimization of l i g h t i n g  conditions at landing. I n  r e a l  time 
t h e  ground w i l l  be required t o  update t h e  LO1 i g n i t i o n  time and uplink 
t h i s  t i m e  and t h e  Lambert t a rge t ing  parameters t o  t h e  CMC through 
program 27. 
(P31) t o  ver i fy  t h e  t a r g e t i n g  parameters. 

The crew w i l l  then s e l e c t  t h e  Lambert t a r g e t i n g  program 

Subsequent t o  t h e  LO1 maneuver t h e  ground and crew w i l l  determine 

I f  
( r e l a t i v e  t o  t h e  contingency which caused t h e  abort  t o  be i n i t i a t e d )  i f  
it i s  permissable t o  update t h e  onboard deorb i t  maneuver so lu t ion .  
t h e  s i t u a t i o n  permits updating t h e  onboard so lu t ion ,  t h e  ground w i l l  
compute t h e  deorb i t  so lu t ion  and upl ink t h e  ex te rna l  AV t a r g e t i n g  param- 
e t e r s .  The i g n i t i o n  a t t i t u d e  f o r  t h e  deorb i t  maneuver w i l l  be  such t h a t  
t h e  crew w i l l  be  i n  a heads-up a t t i t u d e  and t h e  e a r t h ' s  apparent horizon 
w i l l  be aligned with a window marking 31.7O above t h e  X-body ax is  t o  
provide a back-up a t t i t u d e  reference.  The deorb i t  maneuver w i l l  be 
performed using t h e  PGNCS SPS t h r u s t i n g  program (P-401, and t h e  subse- 
quent en t ry  w i l l  be flown i n  t h e  back-up mode (cons tan t  g e n t r y ) .  
t h e  deorb i t  maneuver cannot be updated, t h e  crew w i l l  perform an SCS 
automaneuver using t h e  onboard deorb i t  so lu t ion .  The i g n i t i o n  a t t i t u d e  
i s  achieved by a l ign ing  t h e  e a r t h ' s  horizon on t h e  window marking, and 
at i g n i t i o n  t h e  t h r u s t  vec tor  i s  f ixed  i n e r t i a l l y  f o r  t h e  subsequent 
deorb i t  maneuver. The en t ry  following deorb i t  w i l l  be  flown i n  t h e  
back-up mode (constant  g e n t r y ) .  

I f  

Figures 5 (a )  through 5 ( c )  ( taken from r e f .  8 )  show t h e  landing l o c i  
following the  deorb i t  maneuvers subsequent t o  LO1 maneuvers performed 
at t h e  second, t h i r d ,  and four th  per igee of t h e  high e l l i p s e  (where 
f i r s t  perigee i s  at T L I ) .  
t h e  delay time from LO1 shutdown t o  deorb i t  maneuver i g n i t i o n .  Table I1 
shows t h e  optimized so lu t ions  s e l e c t e d  based on t r ack ing ,  l i g h t i n g  
condi t ions a t  landing,  and landing loca t ion .  

The landing l o c i  a r e  shown as a funct ion of 

The data presented are f o r  t h e  high e l l i p s e s  following t h e  f i r s t  
TLI opportunity and were based on a heads-down a t t i t u d e  f o r  t h e  deorb i t  
maneuver ; t h e  da ta  should the re fo re  be considered only representa t ive  
of t h e  procedures as discussed. 

Type B abor t s . -  I f  a contingency arises during t h e  high e l l i p s e  
phase requir ing t h e  immediate r e tu rn  of t h e  crew t o  e a r t h  and if the  
r e tu rn  time required does not permit a type  A abort  t o  be  performed, a 
s i n g l e  SPS burn w i l l  be performed f o r  d i r e c t  deorb i t  from t h e  high 
e l l i p s e .  
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A s  a r e s u l t  o f  t h e  c l u s t e r  e f f e c t  descr ibed  i n  t h e  previous s e c t i o n ,  
two d i s c r e t e  po in t s  (way s t a t i o n s )  on each o r b i t  of t h e  high e l l i p s e  
have been s e l e c t e d  at which t h e  SPS deorb i t  w i l l  be performed. 
s t a t i o n  has been s e l e c t e d  approximately 1 2  minutes p r i o r  t o  apogee. 
The reason f o r  s e l e c t i n g  t h i s  s t a t i o n  at 12 minutes p r i o r  t o  apogee 
r a t h e r  t h a t  a t  apogee was t o  provide s u f f i c i e n t  time t o  prepare f o r  a 
s p l i t  burn about apogee w i t h  t h e  SM RCS i n  t h e  event t h e  SPS f a i l e d  t o  
i g n i t e .  
t r u e  anomaly. The reason for  s e l ec t ing  t h i s  pos i t i on  w a s  t h a t  i f  t h e  
deorb i t  i s  perfordled c l o s e r  t o  perigee of t h e  preabor t  o r b i t ,  t h e  
r e s u l t a n t  en t ry  time would not allow t h e  crew time t o  o r i e n t  t h e  CM t o  
e n t r y  a t t i t u d e  p r i o r  t o  atmospheric capture.  
s e l e c t i n g  t h e  second way s t a t i o n  was t o  provide a second deorb i t  
opportunity loca t ed  about halfway around t h e  preabort  e l l i p s e  from t h e  
f i r s t  opportunity.  
h a l f  t h e  o r b i t a l  per iod .  

One way 

The o the r  way s t a t i o n  w a s  s e l e c t e d . t o  be at approximately 285O 

The primary reason f o r  

The way s t a t i o n s  are about 1 . 4  hours a p a r t ,  o r  about 

The way s t a t i o n  t o  be used f o r  t h e  abor t  w i l l  be dependent on 
when t h e  abor t  dec is ion  is  made and t h e  crew prepara t ion  time requi red  
p r i o r  t o  performing t h e  abort .  I f  t h e  abor t  dec is ion  i s  made p r i o r  t o  
t h e  f i r s t  way s t a t i o n  (12 minutes p r i o r  t o  apogee), and i f  t h e  crew has 
s u f f i c i e n t  time t o  prepare f o r  the abort  t h e  f i r s t  way s t a t i o n  w i l l  be 
used; if n o t ,  t h e  crew w i l l  not abort u n t i l  about 1 . 4  hours later at 
t h e  second way s t a t i o n .  For t h i s  case regard less  of whether t h e  f i r s t  
o r  second way s t a t i o n  i s  used, the CM would land  a t  approximately t h e  
same geographic pos i t i on  a t  about t h e  same l o c a l  time. However, i f  t h e  
abor t  dec is ion  were made p r i o r  t o  t h e  second way s t a t i o n  but  t h e  crew 
d i d  not have s u f f i c i e n t  t i m e  t o  prepare f o r  t h e  a b o r t ,  t h e  abort  maneu- 
ve r  would have t o  be delayed u n t i l  near t h e  next apogee. I n  t h i s  case,  
t h e  CM would land  approximately 45' west of where it would have landed 
i f  s u f f i c i e n t  time had been ava i lab le  t o  perform t h e  abort  at t h e  285O 
t r u e  anomaly way s t a t i o n .  

The abor t  maneuver f o r  t h e  type B aborts  w i l l  be performed i n  t h e  
SCS auto mode. A t  t h e  i g n i t i o n  a t t i t u d e ,  t h e  spacecraf t  w i l l  be o r i en ted  
with t h e  crew heads down and t h e  e a r t h ' s  apparent horizon w i l l  be 
a l igned  with a window marking 31.7' above t h e  X-body ax i s  t o  provide a 
back-up a t t i t u d e  re ference .  
down a t t i t u d e  i s  t h a t  t h e  abor t s  near apogee do not provide a l i g h t e d  
horizon. If it i s  determined by the crew t h a t  t h e  back-up a t t i t u d e  
re ference  i s  needed and t h a t  t h e  e a r t h ' s  horizon i s  not d i s t i ngu i shab le ,  
t h e  ground can provide window-star p a t t e r n s  f o r  t h e  crew t o  o r i e n t  t o  
f o r  t h e  i g n i t i o n  a t t i t u d e .  The primary reasons f o r  s e l e c t i n g  t h e  heads- 
down, r a t h e r  than  heads-upy a t t i t u d e  i s  t h a t  t h e  heads-up a t t i t u d e  
r equ i r e s  very l a r g e  abor t  AV's, the r e t u r n  times a r e  t o o  f a s t ,  and t h e  
maneuver i s  very c r i t i c a l  w i t h  respect t o  a t t i t u d e  e r r o r s ,  p a r t i c u l a r l y  
t h e  abor t  at t h e  285O t r u e  anomaly way s t a t i o n .  

One of t h e  reasons for s e l e c t i n g  t h e  heads- 

V e r y  s m a l l  a t t i t u d e  
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e r r o r s  f o r  aborts a t  t h e  285' t r u e  anomaly way s t a t i o n  i n  t h e  heads-up 
a t t i t u d e  would r e s u l t  i n  en t ry  po in t s  ou ts ide  t h e  en t ry  co r r ido r  and 
i n s u f f i c i e n t  time t o  make cor rec t ions  t o  t h e  r e s u l t i n g  t r a j e c t o r y .  The 
way s t a t i o n  pr ior  t o  apogee would be subjec t  t o  t h e  same e r r o r s  bu t  
t h e r e  might be time f o r  a cor rec t ion .  
t h a t  way s t a t i o n  t o  e l imina te  t h e  p o s s i b i l i t y  of encountering a s i tua -  
t i o n  which might requi re  a midcourse and t o  keep t h e  procedures consis t -  
e n t  throughout t h e  high e l l i p s e  phase. 

The a t t i t u d e  i s  heads-down f o r  

The obvious advantages i n  s e l e c t i n g  d i s c r e t e  poin ts  i n  a given 
e l l i p s e  f o r  the type B abor t s  a r e  t h a t  t h e  abort  AV and t h e  abort  a t t i -  
tude  (whether l o c a l  ho r i zon ta l ,  e a r t h  horizon re ference ,  o r  with respec t  
t o  an i n e r t i a l  platform) remain constant .  
e l l i p s e  p r i o r  t o  t h e  MCC w i l l  be about 1 4 5  fps  f o r  t he  way s t a t i o n  p r i o r  
t o  apogee and about 500 fps  f o r  t h e  285' t r u e  anomaly way s t a t i o n .  
Af te r  t h e  MCC, t h e  AV f o r  t h e  pre-apogee way s t a t i o n  w i l l  be about 
185 fps  but  the  AV f o r  t h e  o the r  way s t a t i o n  w i l l  remain a t  500 fps .  
Entry following the  abort  maneuver w i l l  be flown i n  t h e  back-up mode 
(constant  g en t ry ) .  

The abort  A V ' s  f o r  t h e  high 

Tables I11 and I V ,  which have been ex t rac ted  from reference  9,  
present  t r a j ec to ry  da t a  f o r  t h e  type B abor t s .  
so lu t ion  number, two time of i g n i t i o n  and assoc ia ted  t r a j e c t o r y  da t a  
a r e  given. 
abort  AV could be appl ied with as much as f5' a t t i t u d e  e r r o r  o r  
*10 percent AV e r r o r  and s t i l l  e f f e c t  a successfu l  deo rb i t .  

at 400 000 ft w i l l  be within t h e  en t ry  c o r r i d o r ) .  
so lu t ions  represent abor t s  simulated a t  t h e  285' True anomaly way 
s t a t i o n s ,  and t h e  odd-numbered so lu t ions  represent  abor t s  simulated at 
t h e  pre-apogee way s t a t i o n .  

Note t h a t  f o r  each 

The two t i m e s  represent  t h e  i n t e r v a l  over which t h e  given 

The Vi - yi 

The even-numbered 

Type C aborts . -  The type C abor t s  provide a back-up means of 
re turn ing  from the  high e l l i p s e  i n  the  event t h e  SPS f a i l s  during one 
of t h e  pianned SPS burns o r  i f  t h e  SPS f a i l s  t o  i g n i t e  f o r  e i t h e r  t h e  
type A o r  B aborts .  

The type C abor t s  would be performed i n  t h e  SCS auto mode with 
i g n i t i o n  occurring about 6 minutes p r i o r  t o  apogee of t h e  high e l l i p s e  
r e s u l t i n g  i n  a s p l i t  burn about apogee. 

Because of t h e  low AV c a p a b i l i t y  of t h e  SM RCS,  t h e  type  C abor t s  
The w i l l  not use t h e  e a r t h ' s  horizon as a back-up a t t i t u d e  re ference .  

backup reference f o r  planned type C abor t s  w i l l  r equ i r e  t h a t  t h e  ground 
provide star-window p a t t e r n s  t o  the  crew f o r  back-up a t t i t u d e  reference.  
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I f  t h e  type  C abor t  i s  employed t o  back up an SPS f a i l u r e  where t h e  
SPS f a i l e d  t o  i g n i t e  f o r  t h e  type B pre-apogee abort  w a y  s t a t i o n ,  t h e  
crew can e s t a b l i s h  t h e  co r rec t  a t t i t u d e  accura te ly  by uncaging t h e  body 
mounted a t t i t u d e  gyros (BMAG) a t  t h e  horizon reference a t t i t u d e  and 
p i t ch ing  down ( t h r u s t  vec tor  and X-body axis pi tched up) about 30'. 
type C aborts  can t o l e r a t e  about a 10' p i t c h  e r r o r  and s t i l l  provide 
deorb i t  capab i l i t y .  

c o r r i d o r ) .  
flown i n  t h e  backup mode. 

The 

(The Vi - yi a t  400 000 ft w i l l  l i e  wi th in  t h e  en t ry  

Following the  type C abort  maneuver, t h e  en t ry  w i l l  be 

Procedures f o r  t h e  
Simulated Lunar Orbit  I n s e r t i o n  (LOI) Maneuver 

The prime procedures t o  follow during t h i s  mission phase should be 
f a i r l y  obvious. If an abort  i s  required during the  las t  o r b i t  of t h e  
high e l l i p s e  and t h e  crew does not have time t o  prepare f o r  t h e  type B 
abor t  at t h e  285' t r u e  anomaly way s t i o n ,  t h e  nominal LO1 maneuver w i l l  
be performed and an SPS deorb i t  w i l l  be performed a t  t h e  first opportu- 
n i t y .  

I f  t h e  SPS should f a i l  during LOI, t h e  crew would have t o  w a i t  i n  
t h e  r e s u l t i n g  parking o r b i t  u n t i l  t h e  parking o r b i t  per igee p o s i t i o n  is  
loca ted  i n  t h e  A t l a n t i c  Ocean. 
11.2 hours,  regard less  of when during LO1 t h e  SPS f a i l e d .  For t h e  
second i n j e c t i o n  opportuni ty ,  t h i s  w a i t  per iod  can be reduced t o  about 
h a l f  by performing an SM RCS deorbi t  t o  t h e  Indian Ocean. 

This w a i t  per iod would be  about 

CONCLUDING REMARKS 

Preliminary procedures f o r  contingencies occurring during t h e  high 
e l l i p s e  phase of t h e  E Mission have been presented. Changes t o  t h e  
procedures w i l l  be noted i n  t h e  minutes of t h e  Apollo Abort Working 
Group meetings and w i l l  be accounted f o r  i n  t h e  opera t iona l  abort  docu- 
ment, 

Primary considerat ion has been given t o  aborts  from t h e  high e l l i p s e  
r e s u l t i n g  from t h e  f irst  TLI  opportunity.  Studies are i n  process t o  
veri* t h e  a p p l i c a b i l i t y  of t h e  procedures t o  t h e  e l l i p s e  r e s u l t i n g  from 
t h e  second TLI opportunity.  
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